Abstract The effect of frying oil on the lipid oxidation, antioxidants, and in vitro antioxidant activity of gim bugak was studied. Bugak was prepared by pan-frying at 180°C in unroasted sesame, soybean, extra virgin olive, or palm oil. The degree of lipid oxidation based on conjugated dienoic acid and p-anisidine values was higher in the bugak fried in soybean or sesame oil with high contents of polyunsaturated fatty acids and tocopherols. However, the oil oxidation was lower in olive and palm oils, which showed higher degradation of tocopherols and polyphenols than in sesame or soybean oil during frying. Although the bugak fried in palm oil contained less antioxidants than that fried in soybean or sesame oil, the in vitro antioxidant activity was not different (p [ 0.05). Results suggest that palm oil can replace unroasted sesame oil for the preparation of gim bugak with improved lipid oxidative stability and health functionality.
Introduction
Bugak, a Korean fried cuisine, is prepared by frying rice-or flour-battered vegetables, or seaweeds after drying, and perilla leaf and gim (dried laver, Porphyra) are the frequently used food materials for bugak. Bugak has been consumed as a snack or side dish in Korea owing to its crispiness.
Although it is a common way to cover all the surfaces of food materials with batter for frying, bugak is battered just enough to keep the shape (appearance) of the food materials with fragile texture, resulting in minimal oil absorption [1] . Bugak was an important lipid source for Koreans many years ago; however, it is not rare to find bugak in the markets of western countries nowadays. The most frequently found bugak in the market is gim bugak, possibly owing to consumer familiarity compared to other bugaks. Gim contains high amounts of antioxidants as well as protein and dietary fiber [2] . Antioxidants present in gim include polyphenols, porphyran, and tocopherols, which showed radical scavenging activities [2] [3] [4] . Consumption of gim helps to decrease the levels of serum cholesterols and neutral lipids [5] and prevent cardiovascular diseases [6] .
Frying during bugak preparation can cause losses of the naturally present antioxidants and pigments [1] and increase lipid oxidation. Because there was little oil source for cooking in the past, the traditional bugak preparation process included frying in a shallow pan with a small amount of sesame oil instead of deep-fat frying. However, currently, there are many choices of edible oils for domestic and industrial uses, and consumers are more demanding the oil to have benefits in health as well as oxidative stability during cooking and storage. Extra virgin olive oil is a good example, however, it is not usually refined, just like unroasted sesame oil, resulting in lower smoking point than refined oils such as soybean and palm oils, which makes less use in frying. There are many reports on bugak [7] [8] [9] [10] [11] [12] , and most of them reported the antioxidant activity and quality improvement of bugak through the addition of colored food materials such as green tea and mulberry leaf. It is not easy to find a study that evaluates the plausibility of various edible oils for the preparation of bugak having improved health and food functionality. Therefore, this study was performed to investigate the effect of frying oil on the lipid oxidation, antioxidants, and in vitro antioxidant activity of gim bugak. Oxidation of frying oil during bugak preparation was also monitored.
Materials and methods

Materials and reagents
Gim in thin sheets without any added salt and toasting and glutinous rice were purchased from Eochonsaramdle Co. (Hwasung, Korea) and Hansalim Co. (Seoul, Korea), respectively. Unroasted sesame oil was a product of Dubio Co., Ltd. (Eumsung, Korea), and extra virgin olive and soybean oils were purchased from CJ Co., Ltd. (Seoul, Korea). Palm oil was generously donated by Nongshim Co. Ltd. (Seoul, Korea). Caffeic acid, Folin-Ciocalteu's phenol reagent, p-anisidine, chlorophylls a and b, b-carotene, lutein, a-, c-, and d-tocopherol and tocotrienol, and standard fatty acid methyl esters were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). n-Hexane, isopropanol, ethyl acetate, toluene, ethanol, acetone, methanol, and water in HPLC grade were purchased from J. T. Baker Ltd. (Phillipsburg, NJ, USA). All other reagents were of analytical grade.
Preparation of gim bugak
Gim bugak was prepared using fermented glutinous rice batter and pan-frying according to the method of Jung et al. [1] . One piece of gim (9 9 6.7 cm) was rice-battered on both sides and then stacked with another piece of ricebattered gim, which was then air-dried at room temperature for 3 days in the dark. Dried gim pieces with rice batter (3 pieces, *8.5 g) were fried in a shallow pan (28 cm diameter and 2.41 cm height) with unroasted sesame, soybean, extra virgin olive, or palm oil (520 mL) at 180°C for 3 s on each side. The total frying time for 15 batches was less than 20 min, including waiting time between batches, and no oil replenishment was required. Smoke point of all oils used was higher than 190 (195, 245, 200 , and 230°C for unroasted sesame, soybean, extra virgin olive, and palm oils, respectively). The frying oil before frying when the oil temperature reached 180°C and then after final frying was collected for analysis.
Determination of fatty acid composition of frying oil and gim bugak
The fatty acid compositions of the vegetable oils (frying medium) were analyzed using a GC with a flame ionization detector (Younglin M600D, Younglin Co., Ltd., Anyang, Korea) after methylation with 14% BF 3 in methanol [13] . An HP-Innowax column (30 m 9 0.53 mm, 1.0 lm thick; Agilent, Böblingen, Germany) was used. The temperatures of the oven, injector, and detector were 200, 270, and 280°C, respectively. The nitrogen flow rate was 5 mL/ min, and the split ratio was 33:1. Each fatty acid in the chromatogram was identified by comparing their retention times with those of standard fatty acid methyl esters and quantified by the peak areas. The fatty acid composition of gim bugak was determined with the same method as the analysis of frying oil but after extracting lipids from bugak by the Folch method [1] using chloroform and methanol mixture (2:1, v/v).
Determination of antioxidants and pigments of frying oil and bugak
Antioxidants and pigments determined included tocopherols, polyphenols, chlorophylls, and carotenoids. Tocopherol contents of frying oil were determined using the calibration curves of standards using a YL 9100 HPLC (Younglin Co. Ltd.) with a l-porasil TM column (3.9 9 300 mm, 10 lm i.d., Waters Co., Milford, MA, USA) and a fluorescence detector (excitation 290 nm, emission 330 nm). The eluent was a mixture of n-hexane and isopropanol (99.8:0.2, v/v) at 2 mL/min [12] . Polyphenol contents were determined by the Folin-Ciocalteu method at 725 nm [12] and represented as caffeic acid equivalent. Chlorophyll and carotenoid contents were quantified using calibration curves of standards using a YL 9100 HPLC (Younglin Co., Ltd.) [12] . Chlorophylls were determined using a symmetry C18 column (5.0 lm, 4.6 9 250 mm; Waters Co.) with an eluting solvent of 3% isopropanol in n-hexane (v/v) at 1 mL/min and a UV detector at 436 nm. A l-porasil column (10 lm, 3.9 9 300 mm; Waters Co.) with an eluent of ethyl acetate-methanol-water (50:37.5:12.5, v/v/v) mixture at 1.5 mL/min was used for carotenoid determination, and the wavelength of the UV detector was 438 nm.
The contents of tocopherols, polyphenols, chlorophylls, and carotenoids of bugak were determined using the same method as that used in the analysis of frying oil but after extracting lipids from bugak by the Folch method [1] using chloroform and methanol mixture (2:1, v/v).
Evaluation of lipid oxidation of frying oil and bugak
The degree of frying oil oxidation was evaluated on the basis of the conjugated dienoic acid and p-anisidine values by the AOCS method [14] Ti la-64 and Cd 18-90, respectively. Lipid oxidation of bugak was evaluated using the same AOCS method [14] after lipid extraction by the Folch method [1] and represented based on the bugak lipid.
Evaluation of in vitro antioxidant activity of gim bugak
The DPPH radical scavenging activity and reducing power of gim bugak were evaluated after obtaining the bugak extract with 80% ethanol [10] . a-Tocopherol and L-ascorbic acid as a positive control, and bugak extract (2 g each) were dissolved in 80% ethanol (30 mL), and 0.1 and 1 mL of each solution were used for the determination of the DPPH radical scavenging activity and reducing power, respectively. The DPPH radical scavenging activity was calculated from the absorbance at 517 nm (A 517 ) using a UV-Vis spectrophotometer (HP 8453, Hewlett Packard, Wilmington, DE, USA) as follows [10] :
DPPH radical scavenging activity (%) = 100 9 (A 517 of samples without bugak extract/A 517 of samples with bugak extract)
For determination of reducing power, the bugak extract was mixed with a mixture of 0.2 M phosphate buffer (pH 6.6) and 1% potassium ferricyanide solution for 30 min, and then 10% trichloroacetic acid was added, followed by centrifugation. Water and 0.1% ferrous chloride solution (5:1, v/v) were added to the upper layer, and finally, the reducing power was represented with absorbances at 700 nm [10] .
Statistical analysis
All samples were prepared in duplicate, and the measurement for each sample was replicated. Data were statistically analyzed using SAS/PC (SAS version 9.2; SAS Institute Inc., Cary, NC, USA) including t test and Duncan's multiple range test.
Results and discussion
Initial composition of frying oil and gim
Fatty acid compositions and the contents of antioxidants and pigments of unroasted sesame, soybean, extra virgin olive, and palm oils are shown in Table 1 . Sesame and soybean oils contained linoleic acid at the highest concentration (45.72 and 49.91%, respectively), followed by oleic (36.66 and 25.73%, respectively) and palmitic (10.65 and 11.37%, respectively) acids. Stearic acid was detected at 5.57 and 5.25% in sesame and soybean oils, respectively. Linolenic acid was present in soybean oil (7.27%), but it was hardly detected in sesame oil (0.47%). Oleic acid was a major fatty acid in extra virgin olive oil (76.01%), followed by palmitic (11.67%), linoleic (5.55%), and stearic (4.23%) acids. Palm oil contained a similar amount of saturated (palmitic and stearic acids of 42.99 and 5.08%, respectively) and unsaturated fatty acids (oleic and linoleic acids of 38.64 and 10.85%, respectively). Results of the fatty acid composition of these oils were similar to those of previous studies [15, 16] .
Tocopherols were present in all oils; sesame (1446.47 mg/kg) and soybean (1221.36 mg/kg) oils contained higher concentrations of tocopherols than extra virgin olive (158.09 mg/kg) and palm (464.88 mg/kg) oils. Among tocopherol isomers, only c-isomer was detected in unroasted sesame oil, whereas only a-tocopherol was detected in extra virgin olive oil. Soybean oil contained a-(98.57 mg/kg), c-(812.11 mg/kg), and d-tocopherols (310.68 mg/kg). Palm oil contained a-(129.31 mg/kg), c-(179.36 mg/kg), and d-tocotrienols (56.48 mg/kg) in addition to a-tocopherol (99.73 mg/kg). Polyphenols were detected in unroasted sesame and extra virgin olive oils at 17.13 and 191.48 mg/kg, respectively. Results of the contents and composition of tocopherols and polyphenols of these oils were similar to those of previous studies [15, 16] . Carotenoids were detected in all oils and the contents were at a higher concentration in extra virgin olive oil (132.73 mg/kg) than in sesame (23.05 mg/kg), soybean (15.09 mg/kg), and palm (19.73 mg/kg) oils. No chlorophyll was detected in any oil.
Gim contained chlorophyll a (403.76 ± 17.11 mg/kg), b-carotene (15.18 ± 0.20 g/kg), and lutein (0.30 ± 0.01 g/ kg), which is similar to or shows a difference from previous reports [2, [17] [18] [19] [20] . Pigment contents of seaweeds are largely dependent on the cultivating environment [18, 19] . Tocopherol (only a-isomer) content was 6.70 ± 0.81 mg/ kg, and polyphenols were present at 2548.10 ± 123.73 mg/kg. Results of the contents of polyphenols and tocopherols were similar to those of Farvin and Jacobsen [21] .
Fatty acid composition and degree of lipid oxidation of gim bugak and frying oil Lipid contents of gim bugak fried in extra virgin olive, unroasted sesame, soybean, and palm oils were 47.99, 35.75, 36.04, and 33.79%, respectively. Because gim and rice batter hardly contain lipids (\1%) [2, 22] , the lipid in the bugak must be absorbed from the frying oil. Higher viscosity and/or lower surface tension of sesame and extra virgin olive oils might have caused them to adhere to bugak's surface and flow into the center of bugak during cooling [23] . Viscosity of sesame, soybean, and olive oils was reported to be 41.14, 38.63, and 46.29 mPa s, respectively, at 35°C [24] . Fatty acid compositions of gim bugak, as shown in Table 2 , were similar to those of the respective frying oils, as was expected, owing to the very low amount of lipid in gim and rice powder compared to that of absorbed frying oil. Similar fatty acid composition of fried products to that of frying oil has been reported previously [25] .
The CDA value of the gim bugak lipid when fried in soybean oil (26.00 ± 0.47%) was the highest (p \ 0.05), followed by bugak fried in unroasted sesame oil (20.93 ± 0.67%), palm oil (14.64 ± 0.54%), and extra virgin olive oil (10.90 ± 0.32%) as shown in Fig. 1 . The p-anisidine values of the lipid in gim bugak fried in unroasted sesame, soybean, extra virgin olive, or palm oils were 8.80 ± 0.24, 16.33 ± 0.73, 11.96 ± 0.43, and 11.34 ± 0.52, respectively. High CDA and p-anisidine values of the gim bugak lipid when fried in soybean oil are considered to be partly due to the high content of polyunsaturated fatty acids, which produce CDA and aldehydes upon oxidation of oil during frying.
The CDA and p-anisidine values of heated unroasted sesame, soybean, extra virgin olive, and palm oils to 180°C before frying were 16.53% and 4.16, 18.67% and 9.22, 10.03% and 13.90, and 11.13% and 3.45, respectively (Fig. 2) . After frying for bugak, the CDA and p-anisidine values of unroasted sesame, soybean, extra virgin olive, and palm oils significantly (p \ 0.05) increased to 23.90% and [26] . Our results suggest that extra virgin olive or palm oil can be a good substitute for sesame oil as a frying medium for gim bugak based on the fatty acid composition and antioxidant contents. The asterisk on the bar means significant difference by t test between oils before and after frying, *p \ 0.05; **p \ 0.01; ***p \ 0.001
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Antioxidant and pigment contents of gim bugak and frying oil
The contents of antioxidants and pigments of gim bugak and frying oil are shown in Table 3 . Tocopherol contents were 354.0, 819.16, 7.99, and 74.67 mg/kg in gim bugak fried in unroasted sesame, soybean, extra virgin olive, and palm oils, respectively. Tocopherol composition of gim bugak was similar to that of the frying oil. Gim bugak fried in unroasted sesame and extra virgin olive oils contained only c-and a-tocopherol, respectively, and a-, c-, and dtocopherols and tocotrienols were detected in the bugak fried in soybean and palm oils, respectively. These results suggest that tocopherols in the bugak were mainly transferred from their respective frying oils. Lower degradation of tocopherols in soybean oil than in palm oil during frying of steamed noodles was reported previously [27] . Polyphenols were detected at 25.79, 1.13, 71.21, and 8.57 mg/kg in gim bugak fried in unroasted sesame, soybean, extra virgin olive, and palm oils, respectively. Lower content of polyphenols in the bugak compared to gim itself suggests their degradation during frying. Polyphenols are not stable at high temperature [20] . Soybean and palm oils, which are refined oils, did not contain polyphenols after heating to 180°C as was expected, whereas sesame and extra virgin olive oil heated to 180°C contained polyphenols at 16.96 and 113.37 mg/kg, respectively. The content of polyphenols in heated extra virgin olive oil was significantly (p \ 0.05) lower than that of oil before heating, but this was not observed in unroasted sesame oil. After frying for bugak, extra virgin olive oil showed much more decrease in the level of polyphenols to 79.33 mg/kg (p \ 0.05), indicating degradation of polyphenols during frying. There was no significant change in polyphenols during frying for bugak in unroasted sesame oil (p [ 0.05), which was similar to heating to 180°C. The results suggest that tocopherols in the unroasted sesame oil protect polyphenols from degradation during heating and frying, but polyphenols play a major role during frying for bugak 16 , and 3397.25 mg/kg, respectively. Considering the chlorophyll and carotenoid contents of gim before bugak preparation, it was possible that the pigments present in gim were degraded or some of the oil-soluble pigments migrated to the frying oil during frying. Chlorophylls and carotenoids in gim (546.9 and 7424.8 mg/kg, respectively) are easily decomposed by heating at a high temperature [20] . Unlike bugak, chlorophylls were not detected in any of the heated frying oils before and after frying; however, carotenoids were detected in all oils and the concentration significantly (p \ 0.05) decreased after frying, except in palm oil, compared to the level before frying. Heated extra virgin olive oil contained carotenoids at 86.47 mg/kg before frying, but the content significantly (p \ 0.01) decreased to 47.89 mg/kg after frying. Because carotenoid content of unheated olive oil was 132.73 mg/kg, the results indicate degradation of carotenoids present in extra virgin olive oil during heating to 180°C and frying for the bugak preparation. Some carotenoid degradation products can accelerate lipid oxidation by increasing radical production [28] . Significant decrease in carotenoid content during frying was also observed during frying in unroasted sesame and soybean oils (p \ 0.05) but at a lower degree, possibly owing to protection of carotenoids from degradation by other antioxidants such as tocopherols at high concentration. Tocopherols help the regeneration of carotenoids to provide hydrogens to carotenoid radicals, which might decrease the oxidation of oil during frying [29] . There was no significant change in the carotenoid content of palm oil during frying.
In vitro antioxidant activity of gim bugak
The DPPH radical scavenging activity was significantly (p \ 0.05) higher in the 80% ethanol extract of gim bugak fried in palm (15.53%) or soybean (15.10%) oil than in the 80% ethanol extract of that fried in unroasted sesame (11.93%) or olive (13.83%) oil (Fig. 3) . Reducing power of the 80% ethanol extract of gim bugak fried in palm or unroasted sesame oil (A 700 = 0.26) was higher than that of the bugak fried in soybean (A 700 = 0.23) and olive (A 700 = 0.21) oils (p \ 0.05). The in vitro antioxidant activities of the gim bugak extract were lower (12-25%) as compared with those of L-ascorbic acid or a-tocopherol, which suggests that gim bugak needs the addition of antioxidative food materials for high health functionality. Jung et al. [11] reported improvement in the antioxidative activity of lotus root bugak by the addition of gardenia seed, green tea, or Opuntia powder to the rice batter.
In conclusion, frying oil affected the chemical quality of bugak through its oxidation and antioxidants. Although polyphenol and tocopherol contents were the highest in the gim bugak fried in extra virgin olive and soybean oils, respectively, the in vitro antioxidant activity was the highest in the bugak fried in palm oil. These results suggest that palm oil can be an alternative for unroasted sesame oil for the preparation of bugak with the improvement of lipid oxidative stability and health functionality. 
